The occurrence of fission in various species of Planaria has long been known; the peculiar method of fission by rupture of the tissues in a more or less sharply defined region of the body without any preceding visible differentiation of a second zooid, is in strong contrast to the method of asexual reproduction in the rhabdocoel, where the first visible phenomena are the differentiation of parts of .the new individual, and separation occurs only after differentiation is practically complete.
The occurrence of fission in various species of Planaria has long been known; the peculiar method of fission by rupture of the tissues in a more or less sharply defined region of the body without any preceding visible differentiation of a second zooid, is in strong contrast to the method of asexual reproduction in the rhabdocoel, where the first visible phenomena are the differentiation of parts of .the new individual, and separation occurs only after differentiation is practically complete.
The present paper is chiefly concerned with certain experiments which have demonstrated the possibility of controlling experimentally the occurrence of fission in Planaria dorotocephala Woodworth, without relation to nutrition. The results of these experiments are significant, not only for Planaria but for various processes of reproduction in various organisms.
I. The presence of a second zooid.
It is important to determine whether the development of a second zooid has begun in Planaria before fission occurs. If a second zooid is present then the process is a typical case of asexual reproduction, if not, it must be considered as an accidental rupture or fragmentation resulting from extreme stimulation or from other conditions, more or less definitely localized in consequence of structural features, and as giving rise to a new individual only incidentally and in consequence of the power of regulation possessed by the isolated piece.
CURTIS 1) in his study of fission in P. maculata tailed to discover any histological differentiation of a second zooid preceding fission, but some years ago I found in the course of a study of the regional differences in form regulation in /). maculata and /). dorotocephala that the posterior region which separates from the remainder iu fission shows very marked differences in the power of form regulation fl'om the parts of the body immediately anterior to it. These regional differences and their significance as indicating the existence of a second zooid in the posterior region of the body~ were briefly described in an earlier paper2). The more important points may be restated here: The regional differences in regulation in Planari~ are best determined by comparison of series of pieces taken in sequence from the anterior to the posterior end of the animals. In each series the length of the pieces is as nearly equal as possiblc~ but in different series different lengths are used.
If we examine first a series in which the body, after removal of the head, is cut into six or eight equal pieces, we find that with each successive piece from the anterior end backward to the region of fission, the head forms more and more slowly. Posterior to the region of fission~ however, the head forms even more rapidly than in the most anterior pieces, as it doeskin a young animal.
In series of shorter pieces, e. g., one tenth to one fifteenth of the total length, we find that the power of head formation decreases more rapidly than in the longer pieces and usually disappears completely somewhere about the pharyngeal region, so that pieces posterior to this remain headless (or occasionally produce heads, or apparently tails at both ends), until the level of fission is reached. Posterior to this all pieces produce heads, in fact in this region of the body as in young animals, it is scarcely possible to isolate pieces too small to produce complete individuals.
Regional differences in the position of the pharynx and the relative amount of regeneration and redifferentiation, which are described in the' paper above referred to~ also indicate that the region posterior to the zone of fission is physiologically in all l) CURTIS, W. C., The Life History, the Normal Fission and the Reproductive Organs of Planaria maeulata. Proe. Bost. Soc. Nat. Hist. Vol. XXX~ No. 7. 1902 . ~) C~ILD, C.M., The Relation between Regulation and Fission in Planaria. Biol. Bull. XI. 3. 1906. respects comparable to a young individual, although its morphological differentiation is not sufficiently far advanced to be visible.
And finally we find that in other species of t~lanaria which do not undergo fission no such increase in the power of regulation occurs in the posterior region.
The question as to whether this second zooid is present at all times in large animals is one which I have not yet been able to answer conclusively. There is some reason for believing that it is absent during the period of sexual reproduction, though I have not been able to obtain a sufficiently large number of sexually mature individuals to permit a final conclusion. On the other hand, recent experiments on P. dorotoeephala show that the second zooid is present, although very small, in young worms not more than 6--7 mm in length. As will appear below, these observations are fully confirmed by the experiments on fission to be described.
An interesting change in the relative length of the prepharyngeal and postpharyngeal regions, and therefore in the relative position of the pharynx occurs in Planaria with increase of size. As is well known, the permanent pharynx arises at or near the posterior end of the planarian embryo: when the animals escape from the egg capsule the pharynx is considerably posterior to the middle of the body (Fig. 1) . From this stage onward the length of the postpharyngeal region increases. Up to a body length of 4--6 mm this increase is not great, and in animals of that length the pharynx is often posterior to the middle of the body (Fig. 2) . As the animals grow still larger, however, the postpharyngeal region becomes relatively longer and in animals 8--12 mm ~n length the l~harynx is Archiv f. Entwicklungsmechanik. XXX. 2.
11
O. 1~I. Child usually at or near the middle of the body, or slightly anterior to the middle; and finally, in the largest animals, 18--20 mm in length, the postpharyngeal region is usually much longer than' the prepharyngeal (Fig. 3) . My experiments on fission with animals-of various size indicate very clearly that these changes in the relative length of the postpharyngeal region are really due in large measure except perhaps in the earliest stages to the increasing length of the second zooid. The posterior piece resulting from fission is not only absolutely but relatively longer in the very large animals than in those of 7--8 mm in length.
It is also of interest to note that the new pharynx in posterio'r fission pieces, especially when they are small, often appears posterior to the middle, i. e., in the position which it occupies in small young animals. As a matter of fact, size rather than age is the important factor~ i. e, the position of the pharynx in .Planaria is within certain limits a function of the size of the animal, though it is of course dependent upon other factors as well.
In this connection the question arises as to whether the body of Planaria ever consists of more than two zooids, i. e., whether one or both of the first two zooids ever show indications of a ~physiologieal division(~ into two zooids. The fact that the second zooid begins to form at the posterior end of young animals which are smaller than either of the two zooids in large animals makes the occurrence of a second physiological division appear more probable. As a matter of fact, I have found some evidence for the occurrence of a ~eeond division, although it is not as yet entirely conclusive.
When very large animals are cut into series of small pieces the power of head formation often reappears a short distance posterior to the pharynx, i. e., some distance anterior to the level at which fission usually occurs in these animals. In pieces too short to form whole animals heteromorphic heads often appear in this region as they do in general in the region just anterior to the fission plane. If the region just anterior to the second zooid were in the earliest stages of development of a new third zooid, it would account for these phenomena, since they are similar to what we find near the region of fission in small pieces from smaller animals. And again, heteromorphic heads appear frequently in small pieces from the posterior region of the second zooid in large animals. Their occurrence here suggests that the anterior end of still another, a fourth zooid, may lie in this region. But these phenomena are not constant and the examination of a very large number of large animals in this way is necessary for positive conclusions. A more extended consideration of this evidence is postponed to another time.
Bat evidence of another kind and bearing upon the same point exists. We shall see below that the products of fission in large animals are capable under certain experimental conditions and without food, of undergoing a second fission within a few days, sometimes not more than two or three days, after the first. It seems improbable that the posterior zooids in these pieces could have originated and have developed to the stage necessary for fission in so short a time.
On the other hand, the high degree of regulatory power in _Planaria prevents us from regarding this evidence as conclusive. In short, while I have obtained some indications that as many as four zooids may be present at one time in Planaria, and while it seems probable that this may be the case in large animals, it is impossible to present a positive demonstration.
II. The act of fission.
In the course of my experiments I have been able to observe the act of fission in' Planaria dorotoeephala a number of times, and in all cases it has occurred in the same manner. In animals which are apparently advancing in the usual manner the posterior region, i. e., the second zooid, suddenly attaches itself by its tail and lateral margins to the substratum while the anterior region, i. e., the first zooid, continues to advance, often using' its lateral margins and its head in the manner characteristic of these species to draw itself forward. In consequence of these reactions the posterior portion of the first zooid becomes much elongated and the region just anterior to the second zooid most of all. At this stage the shape of the animal is that shown in Fig. 4 . This condition may persist in some cases for a few seconds, but is soon followed by rapture at the region of greatest tension, i. % just anterior to the attached region, and the first zooid resumes its interrupted advance, while the second zooid usually remains quiescent, often not moving at all unless stimulated, until the development of the new head has attained a certain stage.
This reaction leading to fission may often be induced in animals which are in the proper physiological condition by a sudden slight jar of the vessel containing them. The second zooid reacts to the 11" sudden stimulus by attaching itself and the first continues to advance until rupture occurs. Iqot infrequently animals assume the c.hape of Fig. 4 , but after a few seconds the posterior portion is apparently torn away from its attachment to the substratum or else releases its hold before its separation fi'om the anterior zooid Fig. 4 .
occurs. Apparently in such cases the independent re-/~ action of the posterior zooid is not sufficiently vigorous or persistent to bring about fission. According to CURTIS fission in P. maculata is the result of a simple muscular constriction. I have never observed fission in that species, but in P. dorot'ocephala I have seen only the method of fission described above, and that in a number of cases. When the process occurs rapidly it might perhaps be mistaken for a purely muscular constriction, even in this species, but as a matter of fact the decrease in the width of the body at the zone of fission is due, at least in considerable degree to the stretching to which it is subjected. It is possible of course that muscular constriction is involved in the final rupture, though it is certainly not the chief factor, as is shown by the fact that the surface of separation is in many cases not a transverse plane but quite irregular if observed imme-II diately after separation, i. e., it is manifestly the result of rupture of tissues. According to my own observations the condition which brings about the separation of the two zooids is an independent motor reaction of the second zooid. In spite of its organic continuity with tile first zooid, it attains sooner or later a stage of development in ~ig. 4. A, ~,im~l which it is to a certain degree physiologically indcin process of fission.
scale of m~g,ifi-pendent of the latter and is capable of performing a e~tio, -V3 that of more or less perfectly coordinated reaction of its own. This stage of development is probably not sharply defined: it is highly probable that in many cases the independent reaction does not occur until long after the second zooid has attained the stage in which such reaction is possible, simply because the proper s~imulus is not present. As noted above, a single slight shock, e. g., a jarring of the vessel containing the worms, may produce fission. On the other hand, when the animals are very strongly stimulated the first zooid is apparently able to control the second, i. e., under such conditions the coordinating stimuli from the first zooid are sufficiently intense to prevent the performance of independent reactions by the second. In the rhabdocoels, where the posterior zooid attains a much Tater stage of development before separation, violent stimulation often serves to induce fission, probably because the second zooid is so far advanced in development that its own coordinating stimuli dominate it and the act of separation is merely a matter of intensity of reaction. There can be no doubt that if the planarian zooid attained a more advanced stage of development while still attached to its fellow, separation would be induced by violent stimulation as in the rhabdocoels.
This consideration leads directly to the question as to why separation occurs at so early a stage in this and certain other species of Planaria. My observations have led me to believe that there are very simple reasons for this difference: in the first place the second zooid corresponds more or less exactly to the chief region of attachment of Planaria, i. e., the region by which the animal usually holds most strongly or most frequently to the substratum. This is the region which is applied to the substratum when the animal is suddenly stimulated. It is evident that any means of setting in action this mechanism of attachment independently of stimulation from the cephalic ganglia will lead to exactly the reactioncomplex which has been described above as bringing about fission, i. e., to attachment of this part of the body and continued advance of the anterior zooid. Apparently then all that is necessary for the occurrence of fission is the development to a certain stage of a new correlation center which is capable of direct stimulation from without. Slight stimulation, the effects of which are probably inhibited in the fully developed nervous system, as is often the ease in other forms, i. e., the animal ~pays no attention,, to it, sets the reflex mechanism in the posterior region in action, attachment occurs and fission may result if the reaction is sufficiently intense and persistent. On the other hand, when the planarian is violently stimulated the greater intensity of the stimuli from the original correlation centers masks the less intense stimuli in the second zooid and it is incapable of independent reaction.
The formation of the new correlation center is undoubtedly the first step in the formation of a new individual from a part of the old.
A second factor which must play some part in determining the occurrence of fission is the consistency of the tissues. In the rhabdococls the posterior zooid often reacts more or less independently of the anterior at a comparatively early stage of development but the reaction is apparently not sufficiently intense or persistent to bring about rupture of the tissues as it does in Planaria. Consequently fission does not occur until the posterior zooid has attained a much later stage of development and a morphological zone of fission has developed in which the tissues are weaker than elsewhere.
III. Experimental control of fission.
From my observations on the act of fission and my experiments on regulation, which indicated the presence of a second zooid in animals far below the size at which fission usually occurs the possibility of controlling and inducing fission experimentally suggested itself. It seemed probable that not only the act of separation but the origin of the second zooid as well were alike due to a certain degree of physiological isolation of parts which resulted in changes similar in character to those which occur when we isolate a piece of the planarian body physically by means of operation. If this assumption is correct it should be possible to induce fission not only by feeding the animals and so inducing increase in size, but also by decreasing the control of the anterior region of the body over the posterior, and so rendering the latter more independent, i. e., more isolated physiologically. And furthermore, it should be possible theoretically to bring about this increased physiological isolation by various means; first by decreasing the intensity of the coordinating or controlling stimuli at their point of origin, second by decreasing the conductivity of their path, and third by decreasing the sensitiveness or receptivity to such stimuli of the region to be isolated. The experiments to be described show that the theoretical expectations are justified by the facts, though in consequence of technical difficulties the various methods of physiological isolation are much less readily demonstrated in Planaria than for example in many plants, where the action of external factors can be sharply localized, and thus the correlative effect of such action readily determined.
It has been found possible to control and induce fission in a number of different ways, but one of the most certain methods is simply the removal of the head. This method has been found best suited to extensive experiment with animals of different size, age and physiological condition, but various other methods, e. g., starvation and anaesthetics, have afforded positive results, and it will doubtless be possible to devise various other methods which will increase the physiological isolation of the posterior region.
The experiments are described under different heads according to the methods employed. As will appear, the results may be variously modified by combining different methods in a single series of experiments.
IV. The Results of Removal of the Anterior end.
1) Records of experiments.
In all cases except where the effect of removing different amounts from the anterior end was to be tested: the operation consisted in a transverse cut about 1 mm posterior to the eyes in large animals and proportionally nearer the eyes in smaller animals.
Fission never oeem's immediately after the operation and at ordinary room temperatures usually not for several days. With higher temperatures it occurs somewhat earlier, with lower somewhat later. It is no no sense the result of shock connected with the operation. As a matter of faet~ its occurrence is determined by the stage of development of the new head which tbrms in place of that removed. Fission never occurs until this head has attained a stage of development sufficient to permit of active, well coordinated and sustained locomotion: that this must be the case is evident fl'om the preceding description of the act of fission. Moreover, unless food is given, fission never occurs after the new head, i. e., the nervous system, has attained a certain later stage of development in which it controls the reactions of the posterior region more completely. In short, fission may occur during a certain period, beginning when the new head is so far advanced that active, coordinated locomotion occurs, but not sufficiently advanced to control fully the reactions of the posterior region, and ending when the new head has attained the later stage which permits more complete subordination of the posterior region. The time at which this period begins and its length vary with different animals and with different experimental conditions, but it is usually fairly well defined, as will appear.
It is desirable to call particular attention here to a point which is established by the experiments, viz., that the essential feature of this method is not the absence of a head, but rather the substitution for the original head, or properly, nervous system, of a young only partially developed organ less capable of controlling the existing body. If local depression of the physiological activities in the head region could be directly induced and maintained for several days fission would undoubtedly occur as readily as it does during a certain stage of development of a new head following complete removal of the old.
In cases where fission does not occur during the critical period following' the first operation, it may be induced, so long as the animal does not fall below a certain size, by a second or a third removal of the head, even though the repeated regulation and continued starvation combine to bring about very rapid decrease in size."
Since the results obtained in many of the series of experiments bear upon various phases of the problem, it has seemed best to present the results of the more extensive series in tabular form with the necessary explanation and comment and to let the analysis of the v.arious factors concerned follow, together with the records of briefer series or special cases concerned only with some particular point.
In the tables, e. g., that of Series 75 below, the Arabic numerals in the upper horizontal column represent the number of days after the beginning of the experiment: the first, O, is of course the day on which the experiment was begun: by recording the results under the head of the days in this manner the relation in time between the operation and the following fission is shown.
The Arabic numeral under the first day number indicates the number of animals or pieces with which the series was begun, e. g., 25 in Series 75 (Table I ). The operations are indicated by Roman numerals: thus in Series 75 B the anterior ends were removed from twenty=five animals for the first time on the first day of the experiment; as indicated by ;>25I<,; nineteen days later two pieces, all that remained undivided, were subjected to a second operation, as indicated by >>2 II<~ in the table, and three days later, 22 days, one piece was subjected to a third operation >)1 IIL,.
The products of fission are designated as follows: A dash following the last operation recorded indicates that the anterior end was removed one or more times after this, but without inducing any further fissions. Unless otherwise stated, the operation employed was in all cases the removal of a piece about twice as long as the distance from the tip of the head to the eyes. Series 75. Begun Sept.25 , 1908 . A comparison of the frequency of fission in very large animals with (75 A) and without (75 B) the anterior ends. Worms of maximal size, collected on the date of beginning of experiment, well nourished. In all the postpharyngeal region was much longer than the prepharyngcal, i. % the second zooid had attained a relatively advanced stage of development (eft p. 162). At the beginning of the experiment the room temperature was 21~ ~ C and decreased gradually to 18~ ~ C during its eomse. The table shows that all but two of the 25 pieces of 75B underwent fission after the first operation, and these two after later operations. Of the uninjured animals of 75 :k fifteen divided without operation and in the absence of food: fissions then ceased, but three more worms were induced to divide by removal of the anterior end and later five others by a second operation. Clearly then the removals of the anterior end served to induce fission after it had ceased in uninjured animals.
In Series 75 B the pieces resulting from the first fission were kept and their anterior ends were removed --in the posterior pieces after sufficient time to permit the new head to develop. In this way, after one or more operations fission of some of these pieces The table shows that fission can be induced by removal of the anterior end in the products of the first fission and likewise in the products of the second fission, although all of the pieces are rapidly decreasing in size in consequence of lack of food, repeated regulation and repeated removal of parts. This table merely gives totals and does not show the time-relations between operations and fissions nor the number of operations necessary to induce the fissions. The only reason for not presenting all these details is the size and complexity of the table necessary to show them. The record of the experiment for the induction of second fissions must begin in each case on the day when the products of the first fission were obtained, i. e., separate records are necessary for the products of each days first fissions. My notes contain all of these records but it seems unnecessary to give them in complete tabular form. It is, I think, sufficient to say that second fissions do not occur so readily as first fissions in most cases, i. e., repeated operations are more often necessary to produce them and this~, is still more true for third fissions. In all cases it is the decreasing size of the piece which puts an end to the occurrence of fission.
Series 208.
Begun Nov. 16, 1909 . A comparison of the effect upon the frequency of fission of the removal of portions of different length from the anterior end. The worms used were of maximal size, 16--18 mm and the postpharyngeal region was much longer than the prepharyngeal. They were collected only two days before the beginning of the experiment and were still in good condition at the time of the first operations. Room temperature during experiment 18~ ~ C. Three sets of fifteen pieces were compared: fi'om the first, A, only a piece twice the length of the head was removed, from the second, B the anterior half of the prepharyngeal region and from C everything anterior to the middle of the pharynx. Table IIL n.
B. The worms composing this series were all almost ready for fission before the experiment and comparison with the stock which was used as a control shows that more than half of them would have divided within the next few days, even without removal of the anterior end. But it cannot be doubted that the removal of the anterior end has increased the frequency of fission for I have never observed 100 o/o of fissions in any series of uninjured worms even when of maximal size.
Series 211 (Table IV) . Begun Nov. 26, 1909 . A comparison of the effect upon the frequency of fission of the removal of portions of different length from the anterior end. The worms used were 15--16 mm in length, i. e., somewhat below the maximal size and had been kept twelve days in the laboratory without food before the beginning of the experiment. They were then beginning to decrease in size from lack of food.
Three sots of 20 pieces each were compared: from the first, A, only a piece twice the length of the head was removed, from the second B, the anterior half of the prepharyngeal region was cut off, and from the third, C, everything anterior to the middle of the pharynx.
The temperature during the experiment was 18~ ~ C. to divide at all. The G pieces are smaller than the others and the cessation of fission is undoubtedly due to their small size. The series was controlled by uninjured animals of the 'same size without food and these showed no fissions at all during the same length of time. As regards A and C the series shows a decrease in the frequency of fission with increase in the length of the part removed, but the intermediate pieces, B, show 100 O/o of fissions like A. If however we compare the total fissions following the first operations in the three sets we see that the frequency of fission following the first operation very evidently decreases as the length of the anterior portion removed increases. The numbers are not sufficiently large to make this series alone absolutely conclusive upon this point, but as will appear, it is confirmed by other series. This series indicates then that in worms of the size used fission occurs somewhat less readily as the length of the portion removed from the anterior end increases. Furthermore it shows most clearly together with its control that whether the part removed be long or short~ the frequency of fission is much greater after removal of the anterior end than in uninjured animals.
Series 62--64 (Table V) .
Begun July 31, 1908. Like Series 208 and 211 a comparison of the relation between the frequency of fission and the length of the portion removed from the anterior end. The worms used had been kept for three weeks in the laboratory without food and had decreased from I 15--16 mm to 10--11 mm in length: they were therefore in a starving condition and were using their own substance in metabolism at the time the experiment was begun. Room temperature during the experiment ranged from 21 ~ to 27 ~ C.
Three sets of pieces were compared: from the first, Ser. 63 only a piece twice the length of the head was removed, from the second, Ser. 64~, the anterior half of the prepharyngeal region and from the third, Ser. 62, all anterior to the middle of the pharynx. These three sets are therefore strictly comparable to Series 208 and 211, but the worms are of smaller size than in those series and are starving.
The table shows first that the frequency of fission decreases as the length of the portion removed increases, and second by comparison with the preceding series that the frequency of fission decreases with decreasing size of the worms. The occurrence of fission in these starving animals demonstrates that fission is not necessarily connected with increase in size. As a matter of fact, we shall see below that starvation may under certain conditions constitute a fatter in inducing fission. These series were controlled by animals of the same size in the stock jars, and it need scarcely be stated that among these controls not a single ease of fission occurred during the time of the experiment. In fact I have never seen fission in normal animals of this size except in one ease in nature (see p. 195) where the animals were living in a very high temperature. We are justified, therefore in concluding that all the eases of fission which occurred in these series were induced by the removal of the anterior end.
Series 65 and 66 (Table VI) .
Begun July 31, 1908. Like the preceding series a comparison of the effect of the removal of longer and shorter portions from the anterior end. As in Series 62--64, the worms used had been kept in the laboratory for three weeks without food and had undergone considerable decrease in size, but they were originally of smaller size than the worms used in those series. At the beginning" of the experiment they were 7---9 mm in length~ i. e., about half the maximal length. Room temperature during the experiment ranged from 21--27 ~ C.
In Series 65 a piece twice the length of the head was renhovcd and in Series 66 all anterior to the middle of the pharynx. Ser. 65 is therefore comparable as regards the amount removed to Ser. 208A~ 211A and Ser. 63: Ser. 66 is comparable to Ser. 208C~ 211C, and Ser. 62. This table as compared with all the preceding shows very clearly the increasing difficulty in inducing fission with decreasing size of the animals. In Series 65 only one case of fission occurred, and that only after the third removal of the anterior end: in Ser. 66 fission could not be induced. Since these animals were kept from the time of collection to the end of the experiment under as nearly as possible the same conditions as those of Ser. 62--64 and since all were in good nutritive condition when collected the differences between these and those can scarcely be due to anything but the difference in size. Apparently in Ser. 65 we approach the lower limit of size for the method employed. As a matter of fact, however~ fission can be induced under certain conditions in much smaller animals than these.
Series 37 (Table VII) . Begun July 14, 1908. This series was begun for other purposes than the experimental induction of fission, but since it affords some data of interest in this connection the record% though incomplete as regards the second fissions are presented.
The worms used had been kept in the laboratory only three days before the beginning of the experiment and were in good condition. They were of maximal size, 16--18 mm in length and in all the postpharyngeal region was much longer than the prepharyngeal.
In all pieces of the series all the body anterior to the middle of the pharynx was removed. Room temperature during the experiment ranged from 21 ~ to 27 ~ C.
Normal animals of the same size, kept under similar conditions sured as controls. In both Series 37 and 53 portions of the prepharyngeal regions of the anterior products of the first fission, i. e., the pieces a, were removed for other purposes, consequently these pieces were smaller than they would otherwise have been. If the frequency of fission
is a function of size the frequency of second fissions in these a pieces is lower than it should be. Moreover, the number of pieces thus used differs in the two series so that the frequencies of second fissions in the a pieces of the two series are not comparable. Their only value is to show that second fissions occur readily even in comparatively short pieces.
As regards the posterior products of the first fissions, however, i. e. the b pieces, the frequencies of second fission are comparable, for these pieces were used only for fission. For these pieces the frequency of second fission in Series 37 is 370/0 , and in Series 53, from somewhat smaller worms, only 120/0. These differences are undoubtedly the result of the size-differences in the worms of the two series~ and it must be remembered that the second zooid, i. % the b piece, is not only absolutely but relatively shorter in shorter worms.
In normal worms 16--18 mm in length kept under the same conditions as the experimental series as cofitrols for Series 37 the frequency of fission is 400/o , while in slightly smaller animals, 13 to 15 mm, the controls for Series 53, no fissions occurred. This indicates how rapidly the frequency of fission in nature falls to 0 as the size oi the animal falls below the maximum.
2) Analysis and Discussion of Results.
a. The Efficiency of the Method.
A brief review of the records of experiment leaves no doubt as to the efficiency of removal of the anterior end as a means of inducing fission. The records show that fission occurs in uninjured animals only as they approach the maximal size. Under these conditions the second zooid is of relatively large size and is relatively independent. But we shall see below that hunger increases during the first few days the frequency of fission in the large animals. There is no doubt that the fissions occurring in the uninjured controls of the series recorded above were largely ,hunger-divisions,, since in all cases the controls were kept without food. But in no case does the frequency of fission in the controls approach the frequency in the pieces from which the anterior end has been removed, where it often reaches 100O/o.
As regards the second fissions the results are still more striking. Second fissions, i. e.~ fissions in the products of the first fission while these were decreasing i3a size in consequence of regulatory processes and lack of food, occurred in Series 75, 37 and 53, and in Series 75 one case of third fission occurred. ~either second nor third fission has ever been observed without experimental removal of the anterior end, though it does occasionally occur in the posterior products of first fission, where the act of fission itself leaves the piece without a head. It is probable, hov~ever, that my experiments on second and third fissions give results far below the maximal frequencies obtainable, for since I was concerned rather with the occurrence of such fissions than with their frequency, no attempt was made to maintain the most favorable conditions possible. Undoubtedly a selection of the largest animals obtainable under the most favorable conditions possible and the maintenance of optimal conditions for fission during the experiment would result in a much greater frequency of second and third fissions and probably in the occurrence of fourth fissions. As a matter of fact it is highly probable (el. following section) that fission can be induced experimentally just as long as the animal or piece remains above a certain limit of size which varies with conditions.
The tables also show that the fissions invariably begin at least two or three days after the operation and in most cases four or five days after and that they usually cease about a week after they have begun. Similar results follow second operation. Evidently the period of fission following the removal of the anterior end is rather sharply defined in time. This period of fission corresponds to a certain stage of development of the new anterior end which permits relatively rapid, substained and coordinated locomotion, but is unable to control fully the motor reactions of the posterior zooid. Conditions which accelerate or retard the development of the new anteriot end might be expected to shorten or prolong the period of fission, but a complicating factor exists in that the same conditions accelerate or retard the development of the second zooid. In those eases where its development is accelerated there is reason to believe that it is relatively more capable of maintaining its independence in spite of the developing new head anterior to it. Such relations would tend to prolong the period of fission and those of the opposite sort probably tend to shorten it. It is evident therefore that both the direct and the correlative effect of external conditions must be considered in such eases, and at present it is very difficult to separate the two.
12" b. The Factor of Size. Brief comparison of the different series shows very clearly that the frequency of fission after removal of the anterior end decreases as the size of the animal or piece decreases. For example, in Series 75B (Table I) , 208A (Table III) and 37 (Table VII) , in all of which anims of maximal size were used, 100~ of fissions is obtained, either without repetition of the operation or with only two or three operations. In Series 75B and 37 second fissions also occurred readily and would undoubtedly have occurred in Series 208 if the attempt to obtain them had been made. And finally in Series 75B one case of third fission occurred.
When we compare these results with these obtained from worms of smaller size the differences are striking. In Series 63 (Table V) , for example which is directly comparable with the series above mentioned as regards the amount removed from the anterior end, but which consists of worms only a little over half as large, not a single ease of fission occurred after the first operation and after the five operation only 80% of the worms had undergone fission. In Series 65 (Table VI) , similar in character but consisting of still smaller worms, fission did not occur until after the third operation and then in only one case, and further operations had no effect. In view of these facts there can be no doubt that the size of the worms is an important factor in determining the frequency of fission with this method.
Differences of the same sort, though not so striking, appear in cases where the differences in size are not so great. For example, in Set. 75B (Table I) where the worms were 16--18 mm in length: 23 eases of fission, 92o/0, followed the first operation, while in Series 211A ('Fable IV) where the worms are somewhat smaller, 15 to 16 mm in length, only 15 cases, 75 O/o oecur. Again comparison of the frequency of second fissions in the posterior (b) pieces of Series 37 (Table VII) and Series 53 (Table VIII) , the latter series consisting of slightly smaller worms, shows a marked differenee, 37% in Set. 37 and only 12O/o in Ser. 53.
The lower limit of size at which fission can be induced by removal of the anterior end various according to conditions. It has been impossible thus far to induce fission by removal of the anterior end from normal, well nourished worms below 7 mm in length at the beginning of the experiment. This limit of size is, however, by no means absolute for we find that in the posterior products of recent fission and in the animals resulting" fl'om regulation after removal of the anterior end, fission sometimes occurs when the length is not over 5 mm. Fission in animals as small as this has been observed only at relatively high temperatures, e. g., 24--27 ~ C.
In one series of experiments where worms 16--18 mm in length were cut into ten equal pieces for another purpose, several of the pieces from the region of the Second zooid underwent fission, although after regulation and before fission they were only 4 mm in length and the products of fission after the second regulation were, a, 2--2,5 mm b 2fi--3 mm in length. These are the smallest pieces in which fission has been induced by removal of the anterior end. It is interesting to note-that the results of experiment on fission are in close agreement with my conclusions from the experiments on regulation. The results of those experiments led me to believe that the second zooid was, at least sometimes, present, in animals not more than 5 mm in length, and I have now been able to induce fission in animals of this size, though not as yet directly in normal animals.
In general my various series of experiment on fission have been brought to an end simply by the decreasing size of the animals in consequence of lack of food, repeated regulation, and repeated removal of the anterior end. I have found by an experience covering several hundred cases that fission can be induced in any animal above 5--6 mm in length, provided the anterior end can beremoved a sufficient number of times before the animal falls below this limit. The smaller the animal at the beginning of experiment, the greater the number of removals of the anterior end necessary to induce fission.
It seems worth while to call attention again to the fact already noted above, that the lower limit of size for the experimental induction of fission by removal of the anterior end is less in pieces resulting from repeated operation and in small fragments of large worms than in animals after a single removal of the head. In the latter 7--9 mm seems to be the limit, while in the former fission has been seen not infrequently in animals 5 mm and once in an animal 4 mm in length.
These data concerning the relation between size and the occurrence of fission all point to one conclusion, viz. that whenever the posterior region of the body attains a certain degree of physiologi-eal independence or physiological isolation it begins to develop into a new individual. In nature this physiological isolation and .the regulatory development of this region begin at a relatively early stage in the postembryonie history, but do not attain a stage which permits fission until the animals have reached a large size, because this posterior region is dominated in large measure by the chief correlation centers, and the increase in distance between it and these centers is an important factor in increasing' its physiological isolation and so permitting the process of regulation to proceed. When we remove the anterior end we remove the dominant regior~ and development of the second zooid proceeds more rapidly, and therefore it may become capable of independent reaction and so of separation when the size of the whole is far below that at which fission usually occurs in nature.
The larger the animal at the beginning of the experiment the more advanced the development of the second zooid and the shorter the time necessary for it to reach the shage of independent reaction. On this basis it becomes at once apparent why fission is more frequent and more readily induced in larger than in smaller animals. In the smaller animals, in which the second zooid is less advanced in development, it frequently does not attain the stage of independent reaction before the new head has developed sufficiently to dominate it in large measure, consequently if fission does not occur within a certain time after the experimental removal of the anterior end it does not occur at all because independent reaction of the second zooid is no longer possible in the presence of the new head. But if the anterior end be removed a second or a third time the second zooid may attain the stage of independent reaction. Furthermore, it becomes clear why the limit of size for fission is lower in animals resulting fl'om repeated removal of the anterior end than in small animals after a single operation. In the first case the repeated removal of the dominant region has permitted the second zooid to reach a more advanced stage than that attained in the normal animal of even somewhat larger size.
But there is a limit below which fission apparently does not occur even after repeated removals of the anterior end. This limit is not constant but varies with the temperature and other external factors. Within certain limits the minimal size at which fission is possible decreases with rising and increases with falling temperature. But certain internal factors are of course also involved and my observations have convinced me that among these the relation between the strength of the second zooid and the physical consistency of the tissues is an important and perhaps the chief factor. With the decreasing size the zooid becomes less and less capable of bringing about rupture no matter how independent its reaction may be, and below a certain size it is quite incapable of separating' and the limit of size for fission is reached. Since the strength of the reactions varies with the temperature it becomes at once apparent why the limit of size decreases with rising and increases with falling temperature.
To sum up: the frequency of fission and the ease with which it may be induced experimentally by removal of the anterior end decrease with decreasing size of the animal and finally a variable limit of size is attained below which fission is impossible. So long" as a piece or an animal is above this limit fission may be induced by removal of the anterior end, even though decrease in size may occur during the experiment in consequence of lack of food, removal of the anterior end and repeated regulation. The relation between size and the occurrence of fission varies according to the degree of physiological isolation of the second zooid, and since this can be increased experimentally by repeated removal of the anterior end~ the limit of size at which fission may occur decreases as the number of removals of the anterior end increases, but finally attains a limit when the strength of reaction of the second zooid is insufficient because of its small size and slight development to bring about rupture of the tissues.
c. The Length of the i)art Removed as a Factor in Fission.
The frequency of fission is dependent not only upon the size of the animal at the beginning of the experiment and the size of the piece, but also to a greater or less extent upon the length of the portion removed fi'om the anterior end in the operation. Except in very large animals we find that the frequency of fission decreases as the length of the part removed from the anterior end increases. It might be supposed at first glance that only the factor of size is involved in such cases, for the greater the length of the part removed from the anterior end by operation~ the shorter the piece remaining. But while this factor of size undoubtedly plays a part in these cases another factor is also involved, viz., the relative size and stage of development of the two zooids which constitute the piece. is much longer than in the whole worm of the same size. Evidently regulation in these posterior halves does not giv9 rise to animals of the same proportions as those from which they arose, i. e. the posterior zooid is disproportionately long. This being the case it might be expected that fission will occur more frequently in such posterior halves of large worms than in normal animals of the same size: the experiments show that this is actually the CaSe.
In Series 208C, 37 and 53 the pieces used were from very large worms and included the region posterior to the middle of the pharynx: after regulation they were some 10--12 mm in length. In Series 208 C (Table III) 100O/o of fissions occurred after the first operation, in Series 37 (Table VII) 1000/o after two operations and in Series 53 (Table VIII) 96o/0 in all. As Series 62 A (Table V) shows normal worms of this length usually divide only after two or more operations and give a much smaller percentage of fission. And again, in Series 62 C (Table V) , consisting of the posterior halves of worms 10--11 mm in length, i. e., of pieces which were only 6--7 mm in length after regulation, 32 o/o of fissions was obtained after three operations, although the pieces were smaller than the initial size of the smallest wohlc worms (Series 65, Table VI)in which fission could be induced.
It is clearly evident then that in the very large worms an increase in the length of the portion removed from the anterior end, or in other words a decrease in the length of the piece remaining, does not, within certain limits determine a decrease in the frequency of fission. In all except the largest worms, however, the effect of the decrease in size of the piece appears in decreased frequency of fission. In Series 211 (Table IV) , for example, in which the worms used were only slightly smaller than those of 208, the percentage of fission following the first operation is 75 in A, 55 in B, and 45 in C. After later operations, however the B pieces show the same or a greater percentage of fissions than A, so that the series is not uniform in this respect. As a matter of fact, A and B are so large that the factor of size is of little importance, as in other large worms, and only in C is the smaller size effective in decreasing the total percentage of fissions.
In worms of still smaller size, however, the influence of the length of the piece upon the frequency of fission is clearly apparent. Series 63, 64 and 62 (Table V) consist of three sets of pieces corresponding to Series 208 A, B, C, and Series 211 A, B, C, but from worms of much smaller size-only 10--11mm in length. In Series 63, where only the extreme anterior end in removed, 80 o/0 of fissions were induced by repeated operations: in Series 64, where half the prepharyngeal region was removed, 56 o/0 of fissions occurred, and in Series 62, where all anterior to the middle of the pharynx was removed only 32 O/o of fissions occurred. In these series then the frequency of fission decreases with decreasing length of the piece. Even here, however, the shortest pieces, Series 62, which are only 6--7 mm in length after regulation, show a much greater percentage of fissions than normal worms of greater length with the heads removed. In Series 65 (Table VI) , for example, where only a short anterior piece was removed from normal worms 7--9 mm in length only 4 O/o of fissions could be induced by repeated operation.
These facts all show very clearly that the stage of development, i. e., the degree of physiological isolation of the second zooid, as well as the size of the animal or piece, is an important factor in determining the frequency of fission. When we isolate the posterior half of a large worm it undergoes regulation and forms an animal of a certain size, but the second zooid of this animal is much larger and more advanced, i. e., much more independent physiologically, than it is in a normal animal of this size, consequently fission after removal of the head is much more frequent in such pieces than in whole worms of the same size after removal of the anterior end. In smaller worms, however, the influence of size becomes more and more apparent, though even here fission is more frequent in the pieces of larger worms than in whole animals of the same size after removal of the head.
d. The Factor of Physiological Condition.
My observations upon the influence of this factor have to do chiefly with the differences between well fed and starving animals. Up to the present time, however, my experiments have not shown that any very great differences exist as regards fission after the removal of the anterior end between well fed and starving animals, it seems scarcely worth while therefore, to present the records in detail. That fission may be induced in animals which are decreasing in size from lack of food is shown by Series 62--66 (Tables V  and YI) in which animals reduced to about three fourths of their original size were used. Various other series have given very similar results and these do not differ widely from the results obtained with growing, well fed worms of the same size. My series do however, show some indication that fission is more fl'equent after removal of the head in animals reduced in size by starvation than in growing animals of the same size, but more extended work with various stages of starvation is necessary to establish this conclusion beyond a donbt. I hope to be able to present further evidence upon this point at another time. If the conception of the relations between the two zooids which has been developed in this paper is correct, we migth expect as a matter of fact, that differences of the sort mentioned would appear. If the second zooid is physiologically a young individual, it is probable that in the absence of other nutrition it is able in consequence of its more intense metabolism to obtain nutritive material from the older first zooid and so to live to a certain extent at the expense of the latter. If this is the case it is reduced and weakened less rapidly by starvation than is the first zooid, consequently in reduced worms of a given size it is physiologically more independent than in growing animals of the same size. Moreover, we shall see below that starvation in its earlier stages induces fission in large worms without removal of the anterior end.
e. The Factor of Temperature. Within certain limits the freqcncy of fission increases and decreases with the temperature. In one of my series, for example, composed of worms 13--15 mm in length, i. e., large although not the largest, portions twice the length of the heads were removed from the anterior ends and twenty pieces were placed in a temperature of 27 ~ C. twenty others in a temperature of 8~ ~ C. In the former 80 o/o of fissions followed the first operation, in the latter only 5 %. Similar differences have been obtained with various other series.
The influence of temperature on fission is undoubtedly, at least in large measure, the result of its effect on general motor activity and the intensity of reaction. There is no doubt that the separation of two zooids at a given stage of development occurs much more readily at high than at low temperatures, simply because both react more strongly in the former than in the latter case. It is also possible that high temperatures affect the two zooids in different degree. In consequence of different physiological or structural conditions, they may perhaps increase the reaction intensity in the second, younger zooid to a greater extent than in the other, or, as is highly probabl% the younger zooid may become more rapidly or more completely acclimated to the high temperature than the older, or finally its development may undergo relative acceleration with rise of temperature. Any or all of these differential effects upon the two zooids will have the general effect of increasing the frequency of fission as the temperature rises within certain limits and vice versa.
f. Regulation in the Position of the Zone of Fission. The level of the body at which fission occurs depends on a number of factors, the most important of which are: first, the size of the animal, second, the position in the original body of the piece concerned, a~d third, the time elapsed Since the preceding fission or the isolation of the piece by operation, in other words the stage of regulation. The position of the fission plane in uninjured animals of maximum size is somewhere about the level indicated by the a broken line b in Fig. 7 . In somewhat, smaller animals it is nearer the posterior end (Fig. 9) . In animals too small to undergo fission under the usual conditions in nature, i. e., below 14--15 mm in length, the anterior end of the second zooid lies somewhere near the middle of the postpharyngeal region, as the sudden reappearance of the power of regulatory head-formation in this region indi.cates (see p. 160). But~ as noted above, the relative length of the post- pharyngeal region is less in small than in large animals (el. Fig. 2  and 3 ), consequently the second zooid is relatively shorter in small (Fig'. 10 ) than in large animals ( Fig. 7 and 9) . In short the second zooid undergoes a relative increase in size with absolute increase in size of the whole and the relative increase in length of the post-pharyngeal region during growth is due, at least up to a certain point, to the relatively more rapid growth of the second zooid. It was pointed out above (p. 162) that there is some ground for the belief that animals above a certain more or less variable size limit consist, not of two, but of three or even four zooids, i. e., that each of the two zooids may at a certain stage divide physiologically into an anterior and posterior zooid. If such physiological isolation of new zooids occurs it is evident that there is just anterior to the original second zooid a short, younger third zooid, and further, that the posterior region of the original second zooid now represents a fourth zooid, both of which are growing in length. Under these conditions the increase in length of the postpharyngeal region is the resultant of the growth of three zooids plus the growth in the extreme posterior region of the anterior zooid. In Fig. 7 the approximate boundaries a ba of these four zooids are indicated by the three broken lines ~ b b~ Fig. 9 is a diagram of a Stenostomum chain of four zooids: the general similarity between the two is apparent, and it is evident that the physiological isolation of parts to form new individuals is in both eases the result of similar relations between growth and physiological correlation. We may consider next the level of the fission plane in the products of the first fission of a large animal such as that shown in Fig. 7 . Here each of the two zooids which are separated by the first fission either consists of two zooids at the time of separation or gives rise very rapidly to a second posterior zooid after separation, as is evident from the fact that under certain conditions it is again ready for fission in a few days, even though kept without food. But the conditions to which this second zooid is subjected differ in the anterior and posterior products of the first fission. In the anterior product of fission the original head, i. e., the dominant part, is still present, while in the posterior product it is absent until the new head develops. Consequently we may expect that the zooid ab according to our terminology (see p. 168), i. e., the posterior zooid of the anterior product of division, will increase in size more slowly than the zooid bb. If our suggestions are correct second fission induced experimentally should show certain differences in the level of the fission plane in parts a and b. Fig. 11 and 12 show the levels of second fission in anterior and posterior products of the first fission as they appear in typical observed cases, of course after repeated removal of the anterior ends. The zooid bb is clearly rela-tively longer than the zooid ab. As has been pointed out this difference is very evidently due to the different degree of physiclogical isolation of the two regions concerned during their'past history. The result as regards the second fission must be essentially the same whether the zooids ab and bb exist before the separation of a and b or are formed afterward. In those cases where the products of fission are not subjected Fig. 11. l ? Fig. 12 . Fig. 13 . to operation and are fed the process of regulation produces essentially similar conditions in both anterior and posterior products of fission before another fission occurs.
Evidently the relative size of anterior and posterior zooids at a given time depends on the degree of physiological isolation existing previous to that time. Any experimental method which enables us to alter the degree of physiological isolation affords also a means of controlling the relative size of the two zooids and consequently the level of the zone of fission.
In a few cases where very short pieces one eighth or one tenth the length of the whole underwent fission the second zooid was almost or quite equal in length to the first ( Fig. 13  and 14) . In these cases the region isolated by operation was the extreme posterior portion of the second zooid, i. e., the region of greatest physiological isolation in the whole body. The independence of the anterior and posterior regions of the piece is so great that even the formation of a new head at the anterior end cannot prevent the physiological isolation and development of the posterior region as a new zeoid. In such pieces the head region is no more dominant than the second zooid, consequently fission may occur in very small animals.
But it is possible to reverse experimentally the usual process of increase in size of the posterior zooid and force it to give up a part of its material to the anterior zooid. If, for example, we isolate the postpharyngeal region of very large worms by a cut through the middle of the pharynx or through the mouth region (Fig. 7, XX) , fission often occurs after a few days (see Set. 208 C, Table III; 211 C, Table IV; 37, Table VII ), but in almost all cases the level of fission is posterior to the middle of the piece and in the majority of cases only about the posterior third separates (Fig. 5) .
Comparison of this figure with Fig. 7 which shows at ~ the level of fission in normal animals of the same size as those from which the postpharyngeal pieces under consideration were taken, leaves no doubt that the level of fission in the isolated postpharyngeal pieces is nearer the posterior end than it would have been if fission had occurred as in nature or after the removal of only the extreme anterior end. The essential feature of this experiment is that it brings the energetic processes of regulation leading to the formation of a new head and prepharyngeal region close to the anterior end of the second zooid and so forces it to give up some of its matelial to the first zooid. Nevertheless, the further development and final separation of the posterior zooid is not prevented: it is merely of somewhat smaller size when it separates than it would have been under other conditions.
Briefly stated then the facts are these: the size of the second zooid undergoes in nature a relative increase with increasing size of the whole. By increasing or decreasing experimentally the degree of physiological isolation of the second zooid it is possible to induce increase or decrease in its relative size.
V. Other Methods of Inducing Fission.
My experiments with other methods have thus far been relatively few, but are sufficient to show that fission may be induced experimentally with mope or less certainty, not merely by removal of the head but by various other methods.
1) Lack of food.
From the time of my first observations on Planaria dorotocephala in January 1905, I have noted the not infrequent occurrence of fission in large animals in my stock dishes during the first week or ten days of starvation. Fission under these conditions has been observed only in very large animals in which the postpharyngeal region was considerably longer than the prepharyngeal, i. c., in which the second zooid was of considerable size, moreover, it has never been, observed in the more advanced stages of starvation. Series 75 A of which the record appears in Table I , will serve as an illustration of the effectiveness of the method in inducing fission. For. this series'twenty-five of the largest worms obtainable were isolated when in good condition and were kept without food. During the next fifteen days fifteen cases of fission occurred. Iqo further fissions occurred during' the second fifteen days and at the end of this time the anterior ends were removed from the remaining" ten animals and eight of these were induced by repeated operations to divide. Animals which were being fed during this time showed a percentage of fissions only half as great.
At present the first fifteen cases of fission which occurred without operation concern us. These animals were deprived of food and were beginning to decrease in size during the period in which fission oecured.
In another series the experiment was conducted somewhat differently, but with similar result. Fifty well fed worms of maximal size were isolated from others and fed with beef as much as they would eat, i. e., fresh food was before them at all times. After four days of this feeding, fissions began to occur at the rate of one or two a day. After three days with no increase in the frequency of fission fifteen of the worms were isolated in another dish and kept without food. Fissions occurred in these as follows: first day 3 fissions; second day 6 fissions; third day 2 fissions, fourth and fifth days 2 fissions. Within five days after being deprived of food thirteen of the fifteen had undergone fission. Here then starvation is apparently a more efficient method than feeding for it must be remembered that the worms were well nourished and of the size at which fission usually occurs at the beginning of the experiment. During the first three days of heavy feeding four cases of fission occurred among fifty worms, i. e, 8~ . During the following three days without food eleven cases of fission occurred among fifteen worms, i. e., 73+~ .
The occurrence of fission under these conditions appears to me to be the result of a difference in physiological condition in the two zooids. That the second zooid is physiologically similar to a young animal cannot be doubted. This is evident not only from the power of regulation of pieces from this region, but also, as I shall show elsewhere from the metabolism. Direct comparison between it and the first zooid shows marked differences of various kinds, all of which indicate that the first zooid is physiologically older than the second. This being the case it seems probable that the first zooid does not adjust itself so readily as the second to the absence of food during the first stages of starvation and it therefore undergoes a physiological depression to a greater extent than the second zooid. This condition not only increases the degree of physiological isolation of the latter, but probably also enables it to nourish itself to a greater or less extent, at least for a time, at the expense of the first zooid. A number of years ago I showed for Stenostomuml) that a given zooid or a part of a zooid containing the cephalic ganglia would absorb all parts anterior to it provided they did not contain or were not connected anteriorly with cephalic ganglia older and more developed than its own. In short, all that keeps posterior the zooid in Stenostomum from absorbing as nutritian everything anterior to its head is the presence somewhere in those anterior parts of a more fully developed nervous system, or to use our terminology, a part which dominates other parts more completely, than the nervous system of the zooid in question.
The condition in the large planarian during the early stages of starvation is of course not exactly comparable to that in Stenostomum~ for nothing has been removed. But the facts concerning Stenostomum suggest that any depression of the anterior as compared with the posterior zooids would result in a change in distribution of the foodmaterial, the least depressed region receiving a greater proportion of it than before. It seems probable that just such a condition exists in Planaria in the early stages of starvation 7 and that consequently the development of the posterior zooid is accelerated under these conditions. These conditions are .not sufficient to produce actual separation except in those cases where the two zooids were approaching, the stage of separation at the beginning of the experiment. It is probable, however that sudden deprivation of food accelerates the development of the second zooid in animals of any size where it is present. It probably enters as a factor into all the experiments above described where fission is induced by removal of the head, or at least into all those in which the animals were previously fed, for the taking of food ceases when the anterior end is removed. But since deprivation of food is insufficient to bring about fission in small animals it seems impossible at present to demonstrate positively any differential effect. Fission does apparently occur 'more frequently after removal of the anterior end in starved animals of a given size, than in growing, well fed animals of the same size, but my experiments along this line are not as yet sufficiently extensive to permit positive conclusions. From all that has been ,said, it is evident that the sudden deprivation of food is effective in inducing fission simply because it increases the degree of physiological isolation of the posterior zooid.
2) Anaesthetics.
The methods and results of may experiments on Planaria with various anaesthetics have been briefly stated elsewhere 1). In the course of those experiments it was found that animals might be kept alive in 1,5~ alcohol for several months and become acclimated to a considerable extent, so that locomotion, which at first was almost suspended gradually reappeared. In such cases fission occasionally took place after some weeks in the anaesthetic. In one series, for example, twenty large worms were placed in 1,5o/o alcohol: after twenty-three days thirteen were alive and fairly active and of these, three underwent fission between the twenty-third and twenty-fifth day.
In other series of experiments with animals of different ages I have found that young animals become much more completely acclimated to the anaesthetic mixtures than do the old. In this respect, as in others, the second zooid resembles a young and the first a much older animal, a fact which I have confirmed by repeated experiment with various anaesthetics. On the basis of these facts it is not difficult to account for the occurrence of fission after several weeks in alcohol. The second zooid doubtless becomes more readily and more completely acclimated to the anaesthetic mixture than the first, and therefore becomes more completely physiologically isolated from the control of the latter, in other words the latter is weakened more than the former and fission may result, provided only that locomotion is sufficiently active and sustained.
The influence of the anaesthetic in inducing fission is then essen-~) CHILD, Analysis of Form Regulation with the Aid of Anaesthetics. Biol. Bull. Vol. XVIII. No. 4. 1910. .tially similar to that of starvation. Both increase the degree of physiological isolation in the second zooid because they decrease its (metabolic?) activities to a lesser extent than those of the older first zooid.
3) Changes in Temperature.
In a preceding section (p.) it was shown that the frequency of fission after removal of the anterior end-increases with rise in temperature and vice versa. The same is true of fission in nature: in fact changes in temperature can be employed as a method to induce or inhibit fission. In my experiments animals of very large size, i. e., large enough to divide under the usual conditions have been kept for weeks in cold water (ranging from 5 ~ C. to 12 ~ C.) and have taken food but without undergoing fission. But a day or two in water of 15--20 ~ is usually sufficient to make such animals divide whether fed or not.
I have also observed in several cases the effect of temperature on the frequency of fission and the size of animals in nature. The most striking of these observations was as follows: of two small ponds not far apart one was fed directly from springs and had a temperature of 15--18 ~ C., the other lay in a hollow without shade, was fed from surface water and had a temperature of 27--28 ~ C.
Both ponds contained the same species of Planaria, but the worms in the colder water attained almost double the size of those in the warmer water before dividing, and since growth was much slower in the former than in the latter, the frequency of fission was very much less in among the larger (cold water) worms than among the smaller (warm water) animals.
In collecting Planaria dorotocephala from the springs in which it lives I have found the largest worms in the winter. The springs do not freeze during the winter though their temperature is several degrees lower than in the summer and the worms are simply not usually sufficiently active to divide at the usual size and so keep on growing slowly until some chance stimulation induces sufficiently strong reactions to bring about division, or until the temperature of the water rises. The maximal summer length of the worms in the spring is about 18mm, but in January I have frequently found worms of 20 and 21 mm and once an animal 26 mm in lcngtb, with the postpharyngeal region about twice as long as the prcpharyngeal.
The influence of temperature upon the frequency of fission is 13"
undoubtedly due first of all to its influence upon general motor activity. The more activethe animals the smaller the size at which fission is likely to occur, and the higher the temperature the greater the activity within certain limits. But it is also possible that temperature like anaesthetics and lack of food may produce a differential effect upon the two zooids. " The activity of the younger second zooid may conceivably increase more rapidly with rise in temperature than that of the older first, or the former may become more rapidly and more completely acclimated to high temperatures than the former. All changes of this kind. in the relations between the two zooids increase the physiological isolation of the second and so increase the frequency of fission.
Vl. 6eneral Considerations.
That a certain posterior region of l~lanaria dorotocephala (and P. maculata) is physiologically specified as a second zooid in animals above a certain size cannot be doubted. The presence of the second zooid is indicated not only by the sudden change in regulatory capacity in this region but by the actual occurrence of fission under experimental conditions, even in animals of much smaller size than those which undergo fission in nature. Furthermore, it is at least probable that in animals of large size each of the two zooids may be physiologically separated into two zooids before any fission has occurred.
We have seen that each posterior zooid after its formation grows relatively more rapidly than the anterior zooid and becomes more and more independent physiologically, until finally it is able to separate itself from the anterior zooid and become a new animal. During its development before separation it is then the seat of two complexes of processes which tend developmentally in different directions. On the one hand 7 the correlative stimuli and effects which it receives from the first zooid produce reactions which tend toward the maintenance of its differentiation as a posterior end. On the other hand, in so far as this correlative control is not complete, the region tends to return to a more general type of reaction, i. e., of metabolism or more correctly, to a more general type of reaction or metabolic complex, in other words to approach the condition of a whole. Experimental control of fission is possible therefore by influencing either one of the two factors. One the one hand, increase in the degree of control of the first over the second zooid, or in general of the anterior over the posterior region, as well as decrease in the independent reaction of the latter inhibits or retards fission. On the other hand, decrease in the degree of control of the dominant part over the other or increase in the physiological independence, i. % the physiological isolation of the subordinate part increases the frequency of fission. In the method used in most of my experiments, the removal of the anterior end, the decreased correlative control of the dominant over the subordinate part is the chief factor. The other conditions, lack of food, anaesthetics and change of temperature, which have been found to induce fission are effective because of their different influence on the two zooids, i. % because of the differences in the physiological condition of the latter.
But the consideration of the development and final separation of the second zooid leads directly to the problem of its origin. Why or how does the second zooid arise? I believe that its origin is the result of conditions similar to those which permit its further development, i. e., a certain degree of physiological isolation fi'om other parts of the body. So far as the parts of an organism are capable of regulation they are capable of different metabolic processes. On the one hand, physiological correlation of the part in question with other parts determines in greater or less degree the character of its metabolism; on the other hand isolation of the part from these correlative factors results in greater or less change in the c]aaracter of metabolism and the part may become a whole.
In _Planaria the formation in nature of a second zooid at the posterior end of the body is doubtless usually the result of increasing physiological isolation of this region with increasing size. In other words, growth in the axial direction is more rapid than is the increase in distance through which the correlative control is effective. Consequently the posterior region --perhaps at first only a small number of cells --becomes physiologically isolated in some slight degree and the processes within this group of cells begin to change from those characteristic of a posterior end to those characteristic of an isolated mass of cells. This then is the first step in the change fi'om a part toward a whole. Every further decrease in correlative control favors further change in this direction~j moreover, it is probable that after the change has attained a certain stage this region becomes less and less receptive to correlative stimuli and other effects and undergoes further development to a greater or less extent in spite of them.
To state the case briefly, we may say that the formation and development of the second zooid in those species of Planaria which undergo fission is the result of the gradual ~eseape from correlat~onr of a subordinate or controlled part from the control of a dominant part. I have designated this escape as physiological isolation of parts, a designation which I believe is amply justified by the facts. The similarity or identity between the results of physiological isolation and of physical isolation of a part in Planaria are apparent at once. In short the process of development of the new zooid is essentially identical with the process of the regulatory formation of a whole from a part, and, what is most important, the reason for the occurrence of the restitutional process on the one hand, and the development of the new zooid on the other is the same: viz. the existence of a certain degree of isolation of the part in question from correlative influence.
But the formation and development of a new zo~)id in Planaria is by no means a process sui generis in the organic world. The formation of a new individual organism from a part of one previously existing is the essential characteristic of asexual reproduction, i. % of division everywhere in the organic world. Whether the cells which give rise to gametes are originally parts of the individual, i. e., the soma, is a question which cannot be discussed in detail here. If they are, and there seems to be no good reason for believing they are not, at least in some cases, then a process of physiological isolation of the same sort as that occurring in asexual reproduction must take place somewhere in the history of the formation of the germ cells. If, on the other hand, the germ cells form a system which is from the first physiologically isolated from the soma then we have to consider only the question of correlation and isolation within the gonad, and within the individual cell.
In asexual reproduction, however, we see everywhere evidences that some degree of physiological isolation must precede the physical isolation, except perhaps in cases of accidental fragmentation. If this conclusion is correct then the possibility of controlling asexual reproduction depends on the possibility of increasing or decreasing the degree of physiological isolation of parts. Certain experiments on plants illustrate this point admirably and are of value for comparison with the case of .Planaria. In the first place we must remember that the multiaxial plant is physiologically analogous to an animal colony and the buds or vegetative tips and their axes to zooids. It is a well known fact that the growing region of the chief axis is in certain respects the dominant organ, i. e., it controls in considerable degree the activity of the other growing regions and axes. Its removal is followed by change in the course of development, of other axes, as in certain conifers etc., by the development of buds or axes previously quiescent, or under certain conditions by the formation of new buds.
But various botanists have demonstrated that removal of the chief vegetative tip is not necessary to bring about these changes. The results of inhibition of its activity are essentially similar to the results of its removal. In short the results of physiological isolation are similar to those of physical isolation. The activity of the growing" tip can be inhibited in various ways, e. g., by enclosing it in plaster, or in an atmosphere of hydrogen etc.
The development of quiescent buds in the plant in consequence of such physiological isolation from the control of the dominant vegetative tip is not essentially different from the accelerated development of the second zooid in Planaria, following its physiological isolation from the dominant head region. It is technically impossible to inhibit the activity of the dominant part in t:)lanaria by the means used for this purpose in plants, but we can take advantage of the fact that this part is affected to a greater extent than the second zooid by certain conditions. Moreover, by removing the old head and allowing a new head to develop in its place we accomplish the same result as if we had depressed the activities of the original head to a certain extent: in other words, this method consists essentially in the substitution for the original organ of another which is less effective in correlation.
From what has been said it cannot but be evident that various methods of inducing physiological isolation are at least theoretically possible. By way of illustration of this point we may analyze the case of a dominant and a subordinate part, i. e., of two parts physiologically correlated in such manner that one controls in certain respects or -in certain degree' the activities of the other.
Taking first the case of growth in size: it is evident that in ali cases where a distance factor exists in correlation, i. e., where the correlative processes decrease in effectiveness with increasing distance of transmission, and such decrease is characteristic of nervous impulses and of various other dynamic processes, an increase in size will increase the physiological isolation of the subordinate parts, and that this increased isolation will be most or earliest apparent in the parts most distant from the dominant part unless other factors such as different conductivity of different paths "etc. complicate the case.
On the other hand, the distance factor in correlation may be altered without changing the actual size of the whole. Such change in the distance factor of correlation may be brought about either by change in the intensity of activity in the region or organ of origin of the particular correlative process concerned, or by change in the conductivity or permeability of the path. In short it is theoretically possible to increase the physiological isolation of certain parts and so to bring about reproduction in thosespecies where the isolated parts are capable of regulation, either by decreasing the activity of the dominant part and so decreasing the intensity, and consequently the limit of effectiveness of the correlative process, or by partially or completely blocking the correlative process or condition in course of transmission. The cases above referred to, in which resting buds of plants are induced to develop by enclosing the principal vegetative tip in plaster orin a hydrogen atmosphere, are cases of physiological isolation resulting from decreased activity of a dominant part and we have seen that certain methods of inducing fission in Planaria are essentially similar.
Experimental cases of reproduction resulting from blocking the path of correlation are less numerous, but nevertheless exist.
MCCALLUM, for example, has recently recorded the formation of roots above a region of local anaesthesia on the stem of Phaseolus. The effect of the local anaesthesia upon the parts above it was essentially similar to the effect of the removal of all parts below; the correlation between the roots and the parts above the anaesthetized region was blocked and the latter parts produced new roots at or near their lower end as they would have done if the the roots had been cut off. The structure and motor activity of the animal organism render experiments of this sort difficult or impossible, particularly in those forms which possess a high regulatojy capacity.
And finally, physiological isolation, or its increase may conceivably result from decreased receptivity of a subordinate part to the controlling correlative factor. Such decreased receptivity may be induced by direct and local action of external factors, by changes in metabolism accompanying development and without doubt by various other conditions. We have seen above that the second zooid of t'lanaria undoubtedly becomes less receptive to the control of the first when it reaches a certain stage of development.
But, reserving further discussion of the various conditions which may bring about physiological isolation and their bearing upon the general problem of reproduction for another time, I wish here only to emphasize the important fact that physiological isolation of parts may be induced or increased, not only by increase in size but by decreased effectiveness of correlation, which in turn may be the result of decreased dominance, decreased conductivity etc. of the path, or decreased receptivity of the subordinate part. That such physiological isolation must lead to reproduction of some sort in parts capable of any degree of regulation is, I think, sufficiently evident. Whether the reproductive process shall result in a particular case in the formation of a new part or a new whole, depends, on the one hand, on the degree and character of the physiological isolation, and on the other, upon the capacity for regulation, the potentiality of the isolated part.
The conception of physiological isolation and the recognition of the different conditions which may bring" it about enable us to account without difficulty for the fact that in _Planaria, for example, we can induce fission both by feeding" the animals sufficiently to produce increase in size and by depriving them of food. The occurrence of reproductive phenomena in conditions of depression is fl'equent in both animals and plants. Our point of view enables us to bring these phenomena into line with the more common methods of reproduction. HERBERT SPENCER called attention to the ~anta-gonis m~ between integration and reproduction and pointed out that the first step in reproduction must be disintegration, i. e., of the original individuality, but it does not seem to have been generally recognized that he was stating a physiological fact and that the processes of integration and disintegration are accessible to experimental investigation and control.
~he relation between reproduction following physiological isolation of a part and restitution following the physical isolation of a part by operation becomes at once apparent.
Our experiments on restitution in isolated pieces are merely a crude method of bringing about essentially the same conditions as arise in nature wherever a part of a preexisting organic individual becomes a new whole. In certain natural methods of reproduction various complicating factors are involved 7 but the essential nature O f the process is not altered thereby. In short the process of reproduction and the various reconstitutional regulatory processes following artificial physical isolation of parts are essentially one and the same, and are initigted by similar conditions, i. % by a certain degree of isolation, physiological or physical, of a part.
VII. Summary, 1) In Planaria dorotoeephala and other species which undergo fission all animals above a certain size consist, at least during the period of asexual reproduction, of two zooids, a longer anterior and a shorter posterior; there are also certain indications that each of these two zooids sometimes undergoes a ,physiological division~ into two zooids before physical separation occurs.
2) Fission results from an independent motor reaction of the second zooid, in consequence of which it separates itself from the first zooid.
3) Under natural conditions fission occurs in large animals and as the result of continued increase in size. Experimentally, however, it may be induced in animals of small size, in starving animals, in the pieces resulting from fission, and still again in the pieces resulting from the fission of products of fission, even though such pieces are decreasing rapidly in size in consequence of repeated regulation and lack of food.
4) The simplest and most certain method thus far discovered of inducing fission is the removal of the head. Fission is not the result of shock in such cases, for it does not occur until several days after the operation, when the new head has developed sufficiently to permit active and sustained locomotion.
5) The efficiency of this method depends upon the decrease in the correlative control of the first zooid over the second which results fi'om the removal of the cephalic ganglia of the former and the substitution for them of young" physiologically less efficient ganglia. In consequence of this decreased control the degree of ,physiological isolation,, of the second zooid is increased, its development toward a new whole is accelerated and it attains the stage of independent reaction sooner than would otherwise be the case.
6) Various factors affect the frequency of fission after removal of the anterior end. First, the frequency of fission decreases with decreasing size of the animal; second, it also depends upon the stage of development of the second zooid at the beginning of the experiment; third, repeated removals of the anterior end will induce fission in eases where one removal is insufficient; fourth, various external conditions which affeet physiological aetivity also play part.
7) The size relations of the two zooids, i. e., the level of the body at which the separation occurs, can be indirectly altered and controlled experimentally. 8) Fission can be induced in unmutilated animals above a certain size by various other methods, lack of food, long continued existence in dilute anaesthetic media, changes in temperature, and probably by still other conditions. ~he efficiency of these methods depends upon the fact that the second zooid, which is physiologically ,younger,, than the first is less affected by the unfavorable conditions by the first, or becomes more readily or more completely acclimated to them than the latter, and so becomes more independent physiologically. 9) Fission can also be induced by abundant food which brings about increase in size. Fission in nature probably occurs more commonly in this way than in any other.
10) All the methods of inducing fission whieh have been mentioned are alike in that they all serve to increase the degree of physiological isolation of the posterior region of the body from the dominant part. Hand in hand with this increase in physiological isolation goes the process of development of this region into a new whole. The effect of physiological isolation upon a part is essentially similar t9 the effect of physical isolation, with the one difference, that physical isolation is always practically complete isolation, while physiological isolation is always partial, and may exist in various degrees and kinds.
11) Physiological isolation of a part may be induced or increased, not merely by increase in size and consequent increase in the distance between the part and the region dominating it, but also by decreased activity of the dominant part, by decreased conductivity of the path of correlation, and finally by decreased receptivity of the subordinate part to the correlative factors.
12) All forms of reproduction in which a part of a preexisting individual becomes a new whole must be the result of physiological isolation of the part, followed by regulation. In short these processes of reproduction and the regulatory reconstitution of a whole from a part isolated by operation are essentially the same phenomena and are all the consequence of the regulatory capacity, i. e., the capacity of the organism or part for altering the character of its reactions when its environment is changed. 3) Uater natrirlichen Bedingungen tritt die Spaltung bei gro~en Tieren als das Ergebnis fortwiihrender GrSl3enzunahme auf. Jedoch kann sie experimentell auch bei Tieren geringer GrSl3e herbeigefiihrt werden, bei hangernden Tieren, bei Stricken, die schon yon einer Spaltung herriihren, ja sogar noehmals in den aus abermaliger Spaltung yon Spaltungsprodukten sich ergebenden Stricken, selbst wean solche Stricke infolg'e der wiederholtea Regulation and aus Nahrungsmangel rapide an OrSt3o abnehmen. 4) Die his jetzt als einfachste und sieherste ermittelte Methode fiir die Herbeifrihrung der Spaltung ist die Entfernuag des Kopfes. Die Teilung ist in solchen F:~tllea aicht die Folge des Choks, denn sic tritt erst mehrere Tage nach der Operation ein, wenn der neue Kopf sich genrigend entwickelt hat, um :tktive and andauernde 0rtsbewegung zu erm(iglichen. 5) Der Erfolg dieser Methode h:~ingt yon der Abnahme der correlativen Kontrotle des erstea Zooids fiber das zweite ab, die sich aus dem Verluste der Kopfganglien des ersten und deren Ersatz dutch junge, physiologisch weniger mi~chtige Ganglien ergibt. Infolge dieses Kontrollenachlassens wird der Grad der )~physiologischea Isolierung, des zweiten Zooids erhSht, seine Entwickluug zu einem neuen Ganzen beschleunigt und das Stadium der unabhiingigea Reaktion eher erreicht, als es sonst der Fall w~ire. 6) Verschiedeae Faktoren haben auf die H~iufigkeit der Spaltung nach Entfernung des u EinflulL Erstens nimmt die H~ufigkeit der Spaltung mit abnehmender GrSBe des Tieres ab; zweitens h~ngt sic auch yon dem Entwicklungsstadium des zweiten Zooids beim Beginn des Versuchs ab; drittens frihrt wiederholtes Entfernen des Vorderendes noch in F~llen zur Spaltung, in denen eiae Entfernung wirkungslos ist; viertens spielen verschiedene i~ul3ere Bedinguagen , welche yon Einflui3 auf die physiologische Aktivit~t sind, auch eine Rolle. 7) Die Gr(il3enverh~iltnisse der beidea Zooide, d. h. das Niveau des Kiirpars, in welehem die Trennung eintritt, kana experimentell indirekt veri~ndert und kontrolliert werden. 8) Die Spaltung kann bei unversttimmelten Tieren oberhalb einer gewissen GreBe noch durch versehiedene andre/~Iethoden erzeugt werden, Futtermangel, lunge fortgesetztes Verharren in verdtinnten an~isthesierenden ~Iedien, Temperaturver:,tnderungen, nnd wahrscheinlich noch andre Bedingungen. Die Wirksamkeit dieser Methoden beruht auf dem Umstande, dab das zweite Zooid, welches ,physiologisch jiingerr ist als das erste, yon den ungiinstigen Verh~ilt-nissen weniger beeinfluBt wird als das erste, oder sich denselben leichter and vollstiindiger anpaBt als das erste, und auf diese Weise physiologisch unabh~iagiger wird.
9) Spaltung kann auch herbeigefiihrt werden durch einen UberfluB an Nahrung, der Gr(iBenzunahme erzeugt. Die Spaltung kommt in der freien Natur wahrscheinlich h~ufiger auf diese Weise zustande, als auf irgendeine andre. 
